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Progress Report ~copy Bae3
Period of 11-15-61 to 12-15-61 T
Contract Ho, AF33{600)L0280

General

Major activities for the monthly reporting period:

1. Composite testing of radar set #1.

2. Modification and cabling of Fl0l aircraft.

3. Preparation of #2 radar set for composite test.

The chart {page 2} shows in graphical form the status of
the first radar system.

Composite teat of the #1 radar set is proceeding in time
with the schedule calling for delivery by Jamuary 1., Acceptance
sign-of f is planned for December 28 with the exception of the antenna,
The antenna as modified will be avallable for installation in the
aireraft by the beginning ?f the flight test progran.
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LEGRET
Flight Test
Genaral

With the aésiatanee of a Minneapolis-Honeywell representative,
and auto-pilot system in the FlUl-B was checked out. 4 defective roll
rate gyro was found to be the cause of the roll instabllity experienced
during the pilot check-out flights, Installation of a new stabilizer
gserve eliminated the alreraft altitude drift which had previously been
encountered when operating in thes "altitude hold" mode.

Improved performance of the auto-pilot after the incorporation
of these changes was appearent during the two flights made to test aireraft
stability. These flights were made to test operation of the system and te
determine the mode of auto-pilot operation which best sults the stability
requirements of this program. "Altitude Hold"™ appears to be the best
mode of operation.

Immediately after the two auto-pilot flights (November 22 and
November 2L) aircraft modification and equipment installation began,

This phase of the program is continuing at the end of the reporting peried.

Auxiliary and Ground Support Fgquipment

Out of & total of 87 items of G.5.E. requested to date, all Iuk
four have been recelved. The remaining four items are not criticslly needed
and are understood to be in transit. Table 2 and Table 3 (aircraft and
engines) spares lists have been scrutinized, along with individusl parts
breskdown (IPB) for selection of a group of spares for normal stock. These
spares have been divided into priority catepories snd forwarded to AFIC for

antian.
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Instramentation

Fabrication of insgtrumentation units is 70% complete.
Schedule

The schedule has beon modified to move the fly date to the
originally plarnned date of Feoruary 2, 1962. Key dates are:

January 1 APQ-93 delivery to Test and Evaluation

Jamzafy Q Complete system installation excluding pod,

begin system ground tesi.
January 26 Complete systems test.
February 2 Flight
Systen

lens Optics Recorder

An Eastman lens similar to the chosen lens was received on
loan and tested. A resolution in excess of 140 lines/mm was measured on
the aerial imape. HNo measurement of flatness of field was possible due to
equipment diffieculties. A resclution in excess of 70 lines/mm on 5374 film
waa achleved, and it was felt that by varying exposure a higher resoclution
could have been cbtained., The tests were cut short by the rnecessity of
returning the lens to Eastman.

A review of the feasibility of the lens optic systewm was conducted,
It was decided that this spproach fell short for the design conditions, but
was promising as a back up for the flicht test program and effort should be
condinued to that end,

A comprehensive analysis of the response of the catheode ray tube

to sinusoidal and pulse type signals has been prepared and is appended,

-
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Antenna

Array Degin ~ Radome Laminate Design

The ML fabric - EC1663 adhesive sealing technique is being
employed satisfactorily for sealing array sticks for the flight test
antenna,

An additional investigation of high temperature sealing
techniques applicable to slotted array sticks is being conducied by
the materials and processes section. Three areas are being investigateds
(1) high temperature adhesive bonding, (2) producing a dielectric film
cover by multiple applications of & varnish solutlon, (3} electron beam
welding a nic%ala - dislectric "sandwich" onto wavegulde,

Fabrication - Flight Test Antenna

Beam: Of the three stainless stesl honeycomb beams received, twe
were returned to the supplier for alterstion to improve flatness. Beam
was flat to within 0.125 in. instead of 0.060 in. as specified. The.
third beam was retained pending alteration of the others, Beam number 1
was altered, and has baen inspected and accepted. Deam number 2 was
altered by “heat creeping” and is presently being inspected,
Manifolde: A total of four manifolds for the flight test antenns has
been received to date. These have satisfsctorily passed electrical and
dimmisianal checks. ZX-ray inspsction by the supplier prior to shipment
has been benaficial in insuring complete removal of the nandrels,

Two remaining menifolds for the flight test antenna are being

gold plated by the supplier and have been promised on December 21.

5 sECRET
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Array Sticks: 4 total of 88 useable sticks has been received from the

supplier to date; 83 of these are useable in flight test antenna., The
remaining 13 sticks for the flight test antenna have been promised by
December 21,

A1l flight test array sticks presently on hand have been
sealed.

Modules: Three modules of the six required for the flight test antenna
have been assembled and tested preparatory to being "grown together'.

Two of these modules were transported to the supplier on December 13 %o

be grown together; the third will be transported on December 21, A fourth
module is ready for assembly with the exception of one stick,

The process of electroforming an assembled module into an
inkepral part sppears to be progressing satisfactorily. Despite
experimental work done at Yestinghouse-Pittsburgh with Heliarc brazing
of modules, the electrofomming process aprears to be the only Jolning
procass available which will provide a reasonable bond on the narrow
faces of the sticks as well as on the broad faces.

Electrical tests of assembled modules have been satisfactory.

Power Dividers: Sufficlent electrofomed parts were promised for

delivery to subconiractor on or before December 20. Approximately one
week will be required for the subconbtractor to assembls sufficient

parts for the flight test antenna.
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Duplexer
A1l three duplexer uﬁits have been assembled and modifications
due to many possible final switch configurations are now in progress on
units 2 and 3. One of these units will be mounted on Frame #1 upon
completion while unit 1 is modified.
One B30 ewitch tube has been received and exhibited the
following characteristics during operation:
| 1. Sweeping electrodes (+2000V at~’l va)} showed it to be
adequate for clean up.

2, Hold-off on one side was 50 KW, trigger controlled. Above
this value, windows arc over internally. Hold-off on the
other side was only 10 KW due to non-concentricity of
domas and sweepling electrode hole.

It is expected that FGG will correct these difficulties
and supply ancther tube during the week of December 2k, 1961.
"A cover, to prevent RI pick up in the receiver dus to switch
pulsing is being constructed.
Duplexer Driver

Unit #1 has been mounted in the frame and modifications to
provide #2000V sageping voltage will be made,

Unit. #2, testing has been completed.

Unit #3 1.5 comglete excopt for testing.

Power Emitﬁr

One unit is complete and has been mounted in Frame #1. The two

remaining units are now being tested,

7= HECREY
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Switch Tubes

A dual tube was bullt for use at high pressure which had one
isclated dome structure. It was anticipated that with this method for
triggering, sn arc could be established readily across the gap and more
offectively control the firing and reduce arc loss. During the tests
the insulation was damaged dus, it 1s believed, to a corona discharge
that existed around the feed through hole in the waveguide. As a
result, evalustion could not be completed. This was %o have been the
second tube delivered to Engineering.

At present, another tube is being constructed in which
ultraviolet trigrering will be used., Instead of & dome type pap
previocusly used, a planar type of resonant structure will bs used in
an attempt to see if the insertion loss of the tube can be reduced.
This tube will have an input and ocutput window.

A third tube is being buillt which will be used to iavestigate
more completely soms observations made previously under low pressure
conditions, At the time, the tube used had a very short life so that
suf ficient data could not be taken, The present tube is boing aarafnily
prepared and processed in an effort to improve life so that the low
pressure switeh can be evaluated.

Modulator

A pulse transformer PFH was received which is suitable for
eperation of the first medulator, however, redesign of the PFN is now
underway by the supplier to provide improvements in pulse width and
impedance matching to the klystrom. When avallable, the redesigned

unit can be incorporated in the first modulator.
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Recelver

Tha first TYT assembly is on Frame #1 and is now in
composite test. The second assembly is being placed on Frame #2,
A filter box is being designed to mouni near the TWT
assembly in order to eliminate some pickup which was dlscovered on
the TWT power supply lesds.
I.F. Amplifier

The first unit is now in composite test, the second and
third units have been unit tested and the second is boing mounted
on Frame #2.

Video Amplifier

The first unit is now in composite test, the second has been
through unit test and the third is ready for unit test,

Sggchrqnizer

Frequency Generator

These units are complete except for the Duleva oscillator-
discriminator unit. Unlt test on the units has been accamplished, but,
unit test on the assembly awmits & satisfactory sutput from the Bulova
oseillator,

System #2 {less oscillator-discriminator) was delivered to
the Model Shop on December 11, 1961 for assembly on the frame.

Synchronlzer Generstor

Additional rework is belng done on the flight test unit to
provide increased delay for the initiation of the gated 120 MC pulse o

the buffer. This was necessary in order to decrease the buffer pulse width.
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System #2 was delivered to the HModel Shop on Decewber 11, 1961

for assembly on the frame,

Microwave Oscillator and Buffer Ampilifier

One unit is now beinp used in corposite test and except for
self lock-up of the loop is operating satisfactordily.

The microwave oscillator, crystal modulator and klystron
amplifier of the second unit have satisfactorily passed unit test.

Unit test has been completed on the phase detector amplifier
of the third unit. Wavegulde assembly is held up due to the lack of
erogs guide couplers,

Recordsr

General

Recorder #1 was completely asserbled and preliminary tests
were conducted. A malfunction occurred which stopped the tests,
Efforts to correct the malfunction have been underway and it is planned
to conduct further tests during the second week of December.

Fabrication for units two and three contimues.

Preliminary Tests

Preliminary test on the flight model recorder was made and
completed satisfacterily. The final testing was scheduled for
Hovember 20, 1961, This test will be conducted using a mechanical
sanple of the fiber optics. The unit will, upon a satisfactory test,
be delivered with the sample unit., When sn accepiable unit becomes available

the recarder will be returned for imterchange of fiber optics.

10w
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On Hovenber 20 the DMinadl test was started., The check of

o

the I1,G. voliages indicsted trouble with the high volbage power supply.
A check of the supply proved it was faulty snd the final test uas
saspended.,

Eloctrical

The high voltage power supply was returned to the vendor
when it proved faulty in the tests. The trouble was cmused by thermal
run awey of the awlitehing transisiors, evidently caused by the voliage
on the 28 voli supply being too low. To avoid the possibility of this
type of failure occurring again, the 1.0 ohm isolation resistor in the
28 volt ground return has been changed to 0.1 ohms.

Return of the corrected power supply is expected during the
second week in December,

A separate interlock switeh hes been added to prevent the
torque motors from spinning fresly during CRT trace adjustment and
film loading. This switch interrupts the 20 volis whon the top
cover is removed.

Fiber Opties

A close lisison has been maintained with Yosalc Fabrisstions,
Inc., manufacturer of the fiber optic unfolding array, to detemmine the
progress in selving the problems of nonuniformity in the peometry of
the image. The most recent report indicates that the technical problem
of making rectangulay fiber bundles has been solved. It is expected that
& sample bundle of rectangular fibers will be available for evaluation

early in Decewmber,
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Biscuaﬁiens have glso been held with other menufacturers of

fiber opties éariﬁg t,ha report period. 25X1

25X1

Cathode Ra,y 'ﬁ:ba ?hataw
At the present 'Eimé some tests were made of the overall

resolution of the WX474S CRT which has a nominal 1.0 mil spot, utilising
the recarding equipnent developed for the program. It is difficult %o
continug testing on this basis since the use of the recorder for this
part of the program is capable of interfering with other facets of the
program, such as evaluatlon of its performance when inbegrated wlth the
remainder of the overall system. In order {o avold interferences of
this kind, construction of a2 test set for photographic testing has begun.
This set will be capable of providing results that can be directly
transferred to the hardware program; e.g., selection of film emulsions
based on sensitometric and resolution tests and evalvation of individual
cathods ray tubes.

The test set will consist of the following basic components:

1. Deflection Circuitry, which will duplicate the circuitry

in the hardware. Provision is also being made for a slow
scan varisble from below 1 inch per second to 5,0 inches
per second, applied at right angle teo the normal 5 EC trace
so0 as to simulate various film speeds.

2. Locked Oscillator test component will supply a range of

variable frequencles which can be locked to the synchronizing
c-ircuits of the deflection circuits, This will produce a
stationary set of sine waves along the width sweep. The
resulting recorded signal on film can then be read easily with
a microdensitemeter to determine degree of modulation.

~12=- SECRET
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iﬁfﬁ.@; Voltage Supply to oporate the CRT must be capable

of ﬁ;a' same degree of regulation as the equipment used in

the f:?._n"al package.

Miscell neous Power Suppliea to operate the above eguipment

will b& supplied by using the present test set, constructed

for the testing of the finished recorder. Since it is planned

to move the recorder to a different locality of overall systems -
tests, this unit will be availsble.

It is certain that other components will be needed as CRT
photographic testing proceeds, The test set will be flexible
snough %o accommodate such additions and changes thal are deemed
Necessary.

The cathode ray tube mount will be designed so that photography
of its display can be casily accomplished. As part of this

subassenbly, magnetic shielding is required.

Initially most of the work will be concerned with establishing

the film requirements for a conventional lens recorder, Tests made to

date indicate that the selection of a film emulsion with prerequisite

charscteristics of speed and resclution will be difficult., With the

test set, films can be evaluated both for resolution and sensitometric char-

acteristics with a minimum of interference tofor from the hardware

development program.
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Havigation Tie-~in

The first unit has been unit tested, the second unit is now
in‘unit test and the third undt is being modifisd.
All of the servo and sccelerometer amplifiers have been

unit tested. . 25X1

The three acceleremeters accepted frof

{Rof. previous report) were checked for frequency and linesarity
characteristics and found to be satisfactory. Homwever, the gain of
these units was 15 volts/g instead of 20 volts/g which necessitated
modification of the accelerometer amplifiers to increase the gain.
This modification work has been completed.

Power Supply and Control

Control Panel #1 and Power Supply #1 are available for
compoasite test,

Power Supply #2 has been checked out in the altitude
chamber to verify performance under *the altitude and ’tampera%ure
requirements of the sysiem. This unit has also heen run through some
exploratory vibration tests in all three awis, There appear to be no
problems due to sltitude, temperature or vibration.

Frame { Electrical)

Model Shop wiring of the second and third units is now
in progress,

Frame (Mechanical)

Frame #2 has been delivered to the composite test area,
Frame #3 1s 90% complete and will be complated on schedule

for assembly of system #3.

~1h- SECRET
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Iruss

Preliminary design is complete and drafting will be started
during the next reporting peried.
Stress Analysis

The loads at installation mounting points are now available
and will be submitted for customer consideration during the next
raporting period,

Systen Interconnections

Cables for system #2 are complete. Cables for syatem #3 are
50% complets and will be completed on schedule for assembly in system #3.
Unit Test Cables

All unit test and patch cables have been completed.

Systen Handling _Equipment

The second system test cart has been delivered te the composite
test area.

Completion of the third cart is expected to be on schedule for
composite test of system #3.
Composite Test

The medulator, duplexer driver, duplexer and varisble frequency
generator were added to system #1 composite test,

Preliminary tests indicated that the stalo locks up automatically.

Introduction of a simulated signal into the TWT produced what
appeared to be a good double sided video sipnal from the video amplifier,

It is expected that installation of the sideband filter in the

system will reduce the TWT noise figure from 12 down to 9 db,

-15-
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A reasonably good output was obtained from the modulator and
XPA& using the RF imput from the receiver.
The synchronizer has been modified for the flight test program.
Efforts are now directed towerd cleaning up signal leakage from
the transmitter and synchronizsr into the receiver,
System #2 is now being assembled.
Tast Equipmént

Composite Test Equlpment
Work on the Composite Test Fquipment has consisted of assistance

in operation and setting up of the specisl test equipment.
Design Evaluation Equipment
The deslgn, breadboarding, test and fabrication is progressing

within the predicted schedule. G&ome problem areas exist which will be
pointed out in the following parapraphs. At the present time it appears
that the mejority of the test equipment will be ready for delivery to the
project by Pebruary 1, 1962.
Transponder

Although a1l of the items for the itransponder have been ordered

only & few items have been received. The lead time on most of thess items
is at least one month. The fabrication and test of the phase shifter and
the 120 me amplifiers for driving the crystal modulator has been cempleted.
They will be resdy for assembly when the rest of the ordered parts ha#e

been received,

16
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Clutter Generaztor

The noise source, which will produce a broad band of white nolse
a8 well as a narrow band of low frequency random noise that is flat to
approximately 15 ops, has been tested, With the test equipment available
it appears to be functioning properly. When the subsonic analyzer, becomes
available, a plot of the ocutput will be run to determine if it hss the
desired characteristics - a band of random noise flat from 0 to 15 cps.

The Gate Control Circuit and the Gate Circuit have been
breadboarded and tested with the noise generstor and are warking
satisfactorily.,

Range Regolution Test Pattern Generator

The trigger amplifier has been Tabricated and tegted in its
final package. The keyed oscillater and pulse generator have been
fabricated and tested. Operation is completely satisfactory up to a
pulse repetition rate of 50 mc. From 50 to 90 mc the pulse shape remsins
stable but the amplitude of the pulse degrades. It is felt that the
output may be satisfactory when thié unit is comnected to the crystal
switch, OSince these tests cannot be run until a crystal switch is
available, effort will continue to be expended to improve the output
amplitude,

It should be noted that this unit is producing a 10 nsec pulse
at a 90 mec repetition rate. This leaves approximately 1.1 Nsec interpulse
recovery time for the penerator, This iz a severe requirement.,

This unit is approximately 60% complete.
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Aglmuth Resolution Test Pattern Generator

The § 128 and x 128 have been changed to s 256 and X256.
These units have been fabricated in their final packasge. The X256 has
been tested and is working satisfactorily. The test of the i 256 was
held wp due to a delay in delivery of the necessary transistors and
some diodes. These paris were received on the 124h and tests are proceeding.
The mixers have been designed and breadboarded and are working
satisfactorily as modules., They have not as yet been tested with the
complete breadboard chassise,
The design and fabrication of the 3$53 filters is being done
by the Components group. The filters will be avallable for installation
in the chassis on January 2, 1962.
The Tachometer, Tachometer amplifier, pulse position modulator
and motor drive amplifier have been breadboarded and are working satisfactorily,
open loop. The loop cannot be closed due to undelivered parts, such as gears,
and the DC drive motor, from suppliers, Bélj.very of these parts has bsen
re~scheduled If-ar the last week in December 1961,
The final package of the tachometer was delivered by the
Model Shop on the 1lhith, -
The Ramp Generator and the Ramp Control have been breadbosrded
and are working satisfactorily. The linearity of the ramp over the
necessary range of slopes is linear to better than + 1/2%,
A servo set control has veen added. This eircuitry will hold of7f
the sync pulse to the Range Resolution Test Pattern Generator, and therefore the
modulation to the transponder, until the servo is ready to operate properly.

This chassis is approximately LOF complete.

~18- SECRET
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Azimuth Resolution Optics Assembly

The optical design of this unit has been firmed up and the
initial optical layout is complete. The mechanical design of this unit
is approximately 204 complete., All of the optical components in this
category have been shipped on 12/6 by the suppliers.

This unit is approximately 30% complete,

Range Resolution and Dynamic Range Optics Assembly

The lower optics which contain the light sowres, microscope
and movsble table have been completely laid out and detailed by drafting.
The drawings have been released to the mode) shop for fabrication. OSome
of the piece parts have been delivered by the model shop.

Approximately 70% of the upper optics and amplifier have been
detailed and released to the model shop.

This unit is approximately L0Z complete.

Film Fvaluator Fletronmic Circultry

The block diagram of the slectronic evaluation circuiis has been
fimed up. The lamp power supply, the photo multiplier power supply and
the photo multiplier circuit have been breadboarded and checked out. The
eounter oireuits for the Range Resolution evaluation are being breadboarded
at presem; in the lab.

The Evaluation Electronics are apvroximately 25% complete.

Mechanical Desien and Packaging

Design of the overall layout of the mechanical package has begun.
This has progressed to a preliminary sketch of the front punel arrangement,
conpilation of power supply loading and a preliminary compilation of the

overall wiring.
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Yavication Dats Kecorder
rire this reporting pericd, manulectore of required

coepowmts was conpleted,
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5ECRET - APPENDIX

Spatial Frequency Response of Cathode Ray Tubes

The purpose of this paper is to clarify the ‘under‘standing qf
what happens when a sinusoldal intensity variation is reproduced by a
Gaussian spot. ’

The effect is exactly the samé as if the sine wave is scanned
through a Caussian aperture. The effect i1s represented mathematically

by a convolution of the two functions,.

Let the spot and the variation to be represented by
XE.
T Ze
2(x)= e

(1)

and ///M) = erw Ly (2)

' The comvolution function may then be written as

Foe) = / LEIEY) Ay, (3a)

/r(]é/ = fwm’V/f/é/%'/‘//ﬂff : : (3b)

Using (3a), we get

.7 'f;ﬁ;«;’ (L)
SEZE e B o w(k-g) "%

= /Go:szj\é/é Y- o 4)/0% (5)

— /R G2

= Cﬂ@%ﬁf/ﬁ“ﬂe‘zﬁ (6)

-21- o SECRET
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The factor in brackets represents the effect of the Gaussian on
the sinusoidal pattern, i.e., it is the transfer function of the Gaussian

D = o -
When > = / this term will drop to 50% of its value at w = O.

This occurs when
S

= = (7

ﬁ/

or the spatial frequency f (cycles/in) is

_L’: —__/__.__- _ . 40’ . (8)

where 2& is the half-amplitude spot width.

An often used criterion is the limiting resolution., If this

is taken arbitrarily as 10 db below peak, we

£~ Zara - &/ '(9)'

e =&

get

Note that this result is different than the impulse response.
The case of two successive impulses gives a distribution which may be
considered as the scanning of a Gaussian by another Gaussian, or, in
terms of the convolution integral,

o ‘fﬁl .z _(Q . )2.
G(x)=/w (’_ﬂ 7

C Tz oz p? (10)

This reduces to

o7 - XE
G ) o o e
7z C (11)
The response is then /(%) = 452;22- /-C i;%%%%ﬁ;) (12)
-2
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This has a value of 0.5 when 31—‘-)/-—2’69/ corresponding to the
peak-to-valley spacing of the resultant. Therefore the corresponding pulse
spacing is 2{2'¢ or in terms of pulse repetition frequency

p
-/[r = ZlRe (13)

X®
The 10 db frequency can be found where G)=0.9G (o), 00 Z72E2 =044

o K= . IGg28 Therefore the 10 db frequency is
)[ _ _ s |
“23-
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' This memo discusses some of the ‘Gonsiderations which restrict the filter=
ing of the angle error signal of a zero doppler 4racker for a synthetic aperture
radar. Such a tracker is used to correct for alrcraft drift angile. Since the
signdl being tracked is typically a band of noise, the error signal is quite noisy,
and must be heavily filtered to obtain the DC error component.

There are two effects which dete?mine how complete this filtering must
be, depending on the type of tracker ussed.,‘ir If the angle error signal is used to
aim the physical antenna, only the first effect is of interest. However, if the
reference oscillator for the received signal is controlled by the error signal to
glive compensation; both effeets are important, In both cases, the angle tracking
(or frequency tracking) accuracy is obviously directly dependent on the filtering.
(This is discussed in TM=-38), In the secchd case, the noise on the error signal
will modulate the reference oscillator. This is a much morve serious effect than the
first, since the reference deviations will tend to decorrelate the signal, so that
fdcusing of the signal in the processor cannot take place properly. It is this
effect which will be investigated here,

I. RATE LIMIT ON OFFSET FREQUENCY

In some case, it may be desirable to compensate for yaw or drift angles in
a synthetle aperture radar by electronically shifting the offset freguency, rather
than by antenna mechanical motion. There iz a difference, howéver, in the two
approaches, since mechanlcal antenna motion affects only the signal envelope without
disturbing the detailed doppler waveform. The electronic compensation, on the other
hand, affects the detailed waveform, and nét the envelope. The result of the latter
is much more serious, and must be limited to a tolerable amount., The rate at which
the offset frequency can be changed without adverse effects will be discussed in
this section.

The doppler frequency of a point targét as a function of time is shown in

figure 1, where the offset frequency is a constant of f,. If the offset is varied
at a constant rate, the result is as in figure 2, where D is the change in the

_n_
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offset frequency in the dwell time T. The doppler waveform for the two cases is
illustrated in figure 3. Ior thegconstant of{set case, the doppler waveform ise

21 Ve . T %, T

Waveform, = cos 7}

1

For the varying offset case, it is: _
- 2w V242 4 or (£ ‘ s
Waveforme cos[ N r ( o"'% Y b s<b<

rof-3

!

The waveforms have been written in this form to make them in phase at time
t = 0, so that the phase difference at the ends of the synthetic antenna (% = o T/2)

can be found: o
o ve(T/2)°
Phase difference (from t = O to t = %) = [ VRX + 2w(f, +

RA

-2wy? (1/2)2 . o fo(g)]

=-7ST
2

The amount of phase difference which is tolerable must be set, so that
& can be found, From conventional antenna theory, quadratic phase error (firom
the center to either end of the antenna) results in a loss of main beam gain,
beam broadening, and raising of the sidelobes. For a phase error of /2 at' the
antenna ends the loss in main beam gain is about 1 dbl, which seems to be a reasone
able value.

For random phase errors which are gaussianly distributed, a somewhat
similar result occurs, with an RMS phase error of about 1/2 radian resulting in a
main beam gain loss of 1 db2.

For the synthetle antenna case, the operation is the same as for the
conventional antenna, where the "antenna® length is now the alrcraft velocity
times the antenna dwell time. The requirements for the quadratic and random phase

errors are then the same as given above for the real antenna.

T "Microwave Antenna Theory and Design" Rad Lab Vol 12, S, Silver.

2 "Physical Limitations on Antenna", John Ruze, MIT Research Lab of Electronics
Report #2L8

lyem
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Limiting the phase exror 07517?) to ”/2, since this is a quadratic

phase error, the tolerable rate of offset frequency change (S/T) can be founds

/T = %@ (cps/sec) for a 1 db gain loss
This can be converted to an equivalent angular rate, sinces
2v
fDﬂ“i"'
948 . A y A (radians/sec)

Another more intuitive, but perhaps more satisfying derivation of  the
allowable rate of offset is obtained by considering the processor as a bandpass
filter of bandwidth 1/T. If the VFO were to vary more than the bandwidth of the
filter during the build=up time of the filter, the signal would be appreciably

attenuated. Since the build-up time is T, the frequency rate allowable is %—.x% b

35 s as before.
T

I1, FILTERING REQUIRED TO LIMIT RATE OF OFFSET FREQUENCY

The simplified block diagram of a reference oscillator being controlled
by the filtered doppler signal is shown in figure he The signal band of "noise'",
along with thermal néisé is fed to a discriminator which converts the specﬁrum to &
DC component_(which is the error signal) plus a band of low frequency noisea A
low-pass filter passes the DC unattenuated and rejects the higher frequency coms’
ponents of the noise. This voltage then controls the frequency of a varia?lea
frequency oscillgtor such that the VFO instantaneous frequency displacement from
its center frequency (fo) is proporticnal to the voltage. This frequency is then
uged as a reference for the doppler signal for recording and processing. It 1s
desired to find the bandwidth (b) of the low pass filter which will prevent the

noise component of the voltage applied to the VFO from causing decorrelation of

S
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' the signal waveform.

In the previous section, the maximum rate (¢ slope) at which the VFO
frequency may vary was established. A way must be found of finding the rate of
VFO frequency change due to a known spectrum of nolse applied to the VFO control
element, The noise is assumed to have a gaussian distribution, which means that -
the slope can have any value from zero to plus or minus infiniby. A reasonable
approach is to find the RMS slope, and assume this is a typical value., In general,
the larger slopes last for shorter times, and the smaller slopes for longer time,
For the case where the bandwidth of the noise is much narrower than the reciprocal
of the dwell time, the slope should be relatively constant over the dwell time.

The slope requirement of’l§ found previously corresponded to a constant over the’
T

dwell time. No doubt greater slopes can be tolerated for lesser duration, so

that the assumption of allowing the RMS slope to be l/T2 seems reasonable, for the
narrow=-band noise condition.
The next step is then to determine the RM3 slope of the frequencyvof the

VFO. In Appendix I, the power spectrum of the slope of the VFO voltage is éhown‘

“to be¢u2 times the power spectrum of the voltage. For a rectangular low pass

apectrum of bandw1dth b and total powercrlg, the power spectrum of the alope is
PI(f) = (2ﬁf)2(71 for 0%4f%&Db, Taking the total power of this speotrum gives

the mean square slope of (2w b Ui) .

2w b dy,

In terms of the parameters used in TM-38,
Fl -1’12 (s + N)
o)

4 = Bandwidth of doppler spectrum

The resulting RMS slope of the VFO control
volta/second.

voltage is

where

~g/N-=:8ignal/noise ratio at input to discriminator. The transfer

-6 ]
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- characteristic of the VFO is B/S (ops/volt), therefore the RMS rate of change of

frequency is B/S times the RMS slope of the VFO control volbtages

RMS rate of change of freq = TRuS "(":‘}“"-3-""') (é) ({_ ) (5+N)

.'ERMS "4}-—5_-_-.}3 3/2 ,\)75—. (1..-..3)

To prevent decorrelation (assuming that the frequencies involved are low compared
1 ®
to fons < %.2 s from the previous discussion.

Therefore the maximum bandwidth of the low pass filter is

2/3|
y3 for 1 db loss, and b;é%

am Tz—\)_ﬁ_(1+§)

b=

As an example, assumes
T = 2 seconds
/> = 150 cps
S/N = 0 db
Solving for b gives %U cps. This restriction is obviously much more
severe than was the angle (or frequency) tracking accuracy found in TM=38.
Furthermore, it is seen that the assumption was very good that the frequency of the
noise components applied to the VFO are very low compared to the reciprocal dwell

time.
ITI, FILTERING REQUIRED TO PREVENT EXCESSIVE PHASE DEVIATION

‘i‘his dection discusses an alternate way of looking at the filtering
problem,suggested b@ Rather than determining the RMS rate-of-change
of frequency due %o noise, and referencing this to the maximum linear frequency
rate, the allowable RMS phase deviation will be found. Although the procedure is
quite different, and is based less on intuition, the final results will be found

to be quite similar. The mathematical detalls will be found in Appendix II, but

«le
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the idea of the procedure will be given here. The problem with dealing with the
phase function is that the actual phase of the modulation is not important, but only
" the variations of the phase during the antemna dwell time., Low=pass noise applied
to an oscillator will give extremely large phase shifts, but these do not vary
appreciably during a dwell time. The approach used here to eliminate this problem is
to deal with a phase function (7» which is the difference between the actual phase
and the average phase during a dwell time, l.e.t

7& "¢" ;‘l‘

75 = gctual phase

7 éfT = gverage of thase during a dwell time T

The problem is then to find the RMS value of';f over a dwell time, for a glven '
power spectrum of noise applied to the VFO control elemént, In the appendix, the
transfer function i% of the VFO is found, where E is the input voltage to the VFO.
The power spectrum of ¢ is then the power spectrum of E times the magnitude of the
transfer function squared. Integrating this power spectrum from O to b frequency
gives the mean square value of %. The RMS of 5& is the square rool of this vel ve
and is found to bes:

- 2 2 (1, 0N 372
Yo G%T 1+ AE ®) (twwdT &),

For a 1 db loss in synthetic antenna gain, ¢RMS must be less than 1/2 radian., For

this conditions

2/3
b = 343 for b T41, and 1 db loss
1% T2 J (LN.S)

This is seen to be virtually identical with the frequency #lope method result.
Iv, SERVO LOOP
The closed=loop frequency tracker should contain an integrator so as to
=8e
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have frequency memory during target fades, as for example, when flying over lakes )
or the like. Also, this will permit tracking the signal with no steady-state error
as would otherwise result. (A steady-state frequency error would result in map
inaccuracy.) |

The feedback loop is shown in figure 5. The input frequency, consisting of
signal and noise, is subtracted from the VFO frequency f,, and used as an error
signal to control fo. The open loop has gain G and a single integrator 1/s, where
G represents the gain of the discriminator, integrator, and VFO; and 1/8 represehts

the smoothing filter.

8 1
f, = TFOE fn - T o

P The

o

The loop is then equivalent to a low pass RC filter of time constant P =
noise bandwidth (b) of such a filter, in cps, is %;i‘ or% « Therefore the open .

loop gain should be made four times the value of b found in the previous sections,

5 U

5 2/3
G b [2« r*f’-’w/z;;'('l-ﬁ g")']

Up to now, the input oenter=frequency has been assumed fixed, with the

only effects considered being those due to the nolse-like character of the signal,
and thermal nolse, As a rough indicatlion of what sort of input frequency changes

can be tolerated without decorrelating effeots, consider first a atep, and then a
ramp of input frequenecy.

For a step of C, £ = C (1-e"%"), and the maximm slope s o/ at time o,

8o that the maximum step for no decorrelation ig O = le;z .EJT.T o For the previocus
example of T w» 2 seconds, and b = 1/50 ope, ¢ = 3 opes Of course, this is a very
gmall step, but then steps in frequency are not realistio. -

“Sm
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For a ramp of slope D, £, = Dv [e't/q: + b/t -1] , S0 that the maximum

slope is D [l-e ~T / T] at time T, so the maximum slope ramp allowable is D

= -?_!-—FDTP_ . For the example, this gives a slope of 1.7 cps/second as the
Sy ) 0f course, these results

maximum input remp which will not decorrelate the signal.

are for an input which will not be corrected by other means.

wlle
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APPENDIX I

Slope of 2 S‘igne_z_l

Tt is desired to find the RMS slope ofa noise=like signal. The power
spectrum of the signal 1s known, and the power spectrum of the slope can be found
as follows. The power spectrum (Pf') of the output of a linear filter is
PI(£) = P(2) x |'.['(i‘)|2
where
P(f) = power spectrum of input
T(f) = voltage transfer function of the filter
Assume that the filter is an ideal differentistor (l.e. Laplace transform
= g) then the differentiator output is the slope of the input.,
PI(f) = P(f) x ,<3m|2

p1(£) = &?P(f)

To find the RMS slope, find the mean square slope and teke its square

o P
root, The mean square slope is /P74(f)d':b', so that the RMS slope is /\/ [P'(f)d.f.
o

For the special case where the input spectrum is rectangular out to frequency b, of

total power0'12, thent
2

a
pr(f) = (2mf)? B—l— for 04 £& b

b

2)‘2 2b2
[Pt(f) .(Tr q;l-.

//'bPl(f) - 211'01b
° A3

wllm
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APPENDIX IT

PHASE DEVIATION OF OSCILIATOR WITH NQOISE ON CONTROL

fé =$- B

wheres
<]5 = actual VFO output phase deviation
5 T = average phase deviation over dwell time T
¢ =/ pat
é = instantaneous angular frequency = 2nf
fo= % xE

= scale factor of VFO in cps/volt

P (f)eele = 218 |y . 81R TET | radians/volt
wheres T‘P(f) = transfer function of VFO

Py () =7, (0 |1y|

Ty
wheres
Py (£) = power spectrum of ¢

Pp (f) = power spectrum of E 0

For Pp (£) being a low pass rectangular spectrum of density q%... and bandwidth b,

: 2
0.'12 2 gin wiT Z ¢ L
p D) = =z T

If the agsumption is made that bT <1

“13‘
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’ 2.2, b 2
v 36 192

The mean square value of l// iss

2 2 b2
%/fsa/b Py () df=ﬂho—l o
o ¢ 108 g2

The RMS of /)is the square root of ¢MS’
- 0 B T b
o = T B T
643 8
In TM=38 07 was found to be ,Jg. (s + N)

¢RMS = 2 1% 1+ w/E) JB () 3/2 for whT41
63

For an antenna, a gaussian distribution of random phase errors of 1/2
radian RMS error gives a loss in main beam gain of about 1 db. Since the synthetic
antenna works the same as a real antenna, the 1/2 radian error is a reasonable

design goal., For this performance
b= [ 343 2/3 fop TbT41 and 1 db main beam loss
).

2 12JF (1# N/8
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